Single-molecule dynamics reveal an altered conformation for the autoinhibitory domain of plasma membrane Ca(2+)-ATPase bound to oxidatively modified calmodulin.
We used single-molecule polarization modulation methods to investigate the activation of the plasma membrane Ca(2+)-ATPase (PMCA) by oxidized calmodulin (CaM). Oxidative modification of methionine residues of CaM to their corresponding sulfoxides is known to inhibit the ability of CaM to activate PMCA. Single-molecule polarization methods were used to measure the orientational mobility of fluorescently labeled oxidized CaM bound to PMCA. We previously identified two distinct populations of PMCA-CaM complexes characterized by high and low orientational mobilities, with the low-mobility population appearing at a subsaturating Ca(2+) concentration [Osborn, K. D., et al. (2004) Biophys. J. 87, 1892-1899]. We proposed that the high-mobility population corresponds to PMCA-CaM complexes with a dissociated (and mobile) autoinhibitory domain, whereas the low-mobility population corresponds to PMCA-CaM complexes where the autoinhibitory domain is not dissociated and therefore the enzyme is not active. In the present experiments, performed with PMCA complexed with oxidatively modified CaM at a saturating Ca(2+) concentration, we found a large population of molecules with an orientationally immobile autoinhibitory domain. In contrast, native CaM bound to PMCA was characterized almost entirely by the more orientationally mobile population at a similar Ca(2+) concentration. The addition of 1 mM ATP to complexes of oxidized CaM with PMCA reduced but did not abolish the low-mobility population. These results indicate that the decline in the ability of oxidized CaM to activate PMCA results at least in part from its reduced ability to induce conformational changes in PMCA that result in dissociation of the autoinhibitory domain after CaM binding.